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(57) Abstract 

The present invention provides a method of forming a medical device and medical devices which can be formed in accordance with 
the method. In one embodiment, the method includes the steps of: a) providing a metal fabric formed of a plurality of strands formed of 
a metal which can be heat treated to substantially set a desired shape; b) deforming the metal fabric to generally conform to a surface o 
a molding element; c) heat treating the metal fabric in contact with the surface of the molding clement to substantially set the shape of 
the fabric in its deformed state; and d) removing the metal fabric from contact with the molding element. The resulting metal fabricwil! 
define a medical device which can be collapsed for passage through a catheter or the like for deployment in a channel of a patient's body. 
Medical devices made in accordance with this method can have varying structures. In one embodiment, the medical device (250j :s carried 
by a guidewire (260) and has a metal fabric (270) extending between first and second ends (272, 274), one end .(274) of the d «^ icc 
being adapted to slide along the guidewire (260). The metal fabric (270) has a collapsed configuration in which the ends (2/2 *74) °f Hie 
metal fabric (270) are spaced from one another along the guidewire (260) and a preset expanded configuration in which the ends (272, 274j 
of the metal fabnc (270) are positioned closer to one another. The metal fabric (270) will cause the device (250) to clastically substantially 
resume its preset expanded configuration when released from confinement within a channel in a patient's body. 
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METHOD OF FORMING MEDICAL DEVICES; 
INTRA VASCULAR OCCLUSION DEVICES 

FTFT n OP THE INVENTION 
The present invention generally relates to intravascular devices for treating 
5 certain medical conditions and, more particularly, provides a method of forming 

intravascular devices and certain novel intravascular occlusion devices. The devices 
made in accordance with the invention are particularly well suited for delivery through 
a catheter or the like to a remote location in a patient 's vascular system or in 
analogous vessels within a patient's body. 
10 BACKGROUND OF THE INVENTION 

A wide variety of intravascular devices are used in various medical procedures. 
Certain intravascular devices, such as catheters and guidewires, are generally used 
simply to deliver fluids or other medical devices to specific locations within a patient's 
body, such as a selective site within the vascular system . Other, frequently more 
15 complex, devices are used in treating specific conditions, such as devices used in 
removing vascular occlusions or for treating septal defects and the like. 

In certain circumstances, it may be necessary to occlude a patient's vessel, such 
as to stop blood flow through an artery to a tumor or other lesion. Presently, this is 
commonly accomplished simply by inserting, e.g. Ivalon particles, a trade name for 
20 vascular occlusion particles, and short sections of coil springs into a vessel at a desired 
location. These "embolization agents" will eventually become lodged in the vessel, 
frequently floating downstream of the site at which they are released before blocking 
the vessel. In pan due to the inability to precisely position the embolization agents, 
this procedure is often limited in its utility. 
25 Detachable balloon catheters are also used to block patients' vessels. When 

using such a catheter, an expandable balloon is carried on a distal end of a catheter. 
When the catheter is guided to the desired location, the balloon is filled with a fluid 
until it substantially fills the vessel and becomes lodged therein. Resins which will 
harden-inside the balloon, such as an acrylonitrile, can be employed to permanently fix 
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the size and shape ot me balloon. The balloon can .hen he detached trom cue end or 

the catheter and left in place. 

Such halloon embolizations are also prone to cena.n safety problems, though. 
For example, if the balloon is not filled enough, it will not be firmly foced in the 
5 vessel and may drift downstream within the vessel to another location, much Idee the 

loose emboUzation agents noted above. In order to avo.d tins problem, physicians may 
overfill the balloons; it is not uncommon for balloons to rupture and release the resin 

into the patient's bloodstream. 

In still other procedures, it may nor be necessary to permanently occlude a 
10 vessel, but it may be necessary to provide a filter or the like to prevent thrombi from 
passing a particular location. For example, rotating burrs are used in removing 
atheroma from the lumen of patients' blood vessels. These burrs can effectively 
dislodae the atheroma, but the dislodged material will simply float downstream with 
the flow of blood through the vessel unless steps are taken to capture the material. 
15 Some researchers have proposed various traps or fdters for capturing the 

paniculate maner released or created in such procedures. However, such fdters 
generally have not proven to be exceptionally effecdve in actual use. Such filters tend 
to be cumbersome to use and accurate deployment is problematic because if they are 
not properlv seated in the vessel they can drift to a more distal site where they are 
20 likelv to do more harm than good. In addition, these filters are generally capable ot 

only trapping relatively large thrombi and are not effective means for removing smaller 
embolic panicles from the blood stream. 

The problems with temporary filters, which are intended to be used only during 
a particular procedure then retracted with the thrombi trapped therein, are more 
25 pronounced. Even if the trap does effectively caprure the dislodged material, it has 
proven to be relatively difficult or complex to retract the trap back into the catheter 
through which it was delivered W ithout simply dumping the trapped thrombi back into 
the blood stream, defeating the purpose of the temporary filter device. For this 
reason, most atherectomy devices and the like tend to aspirate the patient's blood 
30 during the procedure to remove the dislodged material entnuned therein. 

Mechanical embolization devices, filters and traps have been proposed in the 
past Even if some of those devices have proven effective, they tend to be rather 



OPTIPAT 



WO 96/0159) 



17039161727 



03/03 '99 16:07 NO. 644 06 



expensive and time-consuming to manufacture. For example, some intravascular blood 
filters suggested by others are formed of a plurality of specially- shaped legs which are 
adapted to fill the vessel and dig into the vessel walls, in making most such filters, 
the legs must be individually formed and then painstakingly artached to one another, 
5 frequently entirely by hand, to assemble the final filter. Not only does this take 

significant skilled manpower, and hence increase the costs of such devices, the fact 
that each item must be made by hand tends to make quality control more difficult. 
This same difficulty and expense of manufacturing is not limited to such filters, but is 
experienced in many other intravascular devices as well. 
10 Accordingly, it would be desirable to provide a method for forming devices for 

deployment in a vessel in a patient's vessel which is both economical and yields 
consistent, reproducible results. It would also be advantageous to provide a reliable 
embolization device which is both easy to deploy and can be accurately placed in a 
vessel. Furthermore, there is a need In the art for a trap or fdter which can be 
15 deployed within a vessel for capturing thrombi, which trap can be reliably deployed; if 
the trap is to be used only temporarily, it should be readily withdrawn from the patient 
without simply dumping the trapped thrombi back into the blood stream. 

SUMMARY OF THE INVENTION 
The present invention provides a method for forming intravascular devices from 
20 a resilient metal fabric and medical devices which can be formed in accordance with 
this method. In the method of the invention, a metal fabric formed of a plurality of 
resilient strands is provided, with the wires being formed of a resilient material which 
can be heat treated to substantially set a desired shape. This fabric is then deformed to 
generally conform to a molding surface of a molding element and the fabric is heat 
25 treated in contact with the surface of the molding element at an elevated temperature. 

The time and temperature of the heat treatment is selected to substantially set the fabric 
in its deformed state. After the heat treatment, the fabric is removed from contact 
with the molding element and will substantially retain its shape in the deformed state. 
The fabric so treated defmes an expanded state of a medical device which can be 
30 deployed through a catheter into a channel in a patient's body. 

In accordance with the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal end of the catheter 
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adjacent a treatment site for treating a physiological condition. A medical device made 
in accordance with the process outlined above can be coUapsed and inserted into the 
lumen of the catheter. The device is urged through the catheter and out the distal end, 
whereupon it will tend to return to its expanded state adjacent the treatment site. 
5 Further embodiments of the present invention also provide specific medical 

devices which may be made in accordance with the present invention. Such devices of 
the invention are formed of a metal fabric and have an expanded configuration and a 
collapsed configuration. The devices are collapsed for deployment through a catheter 
and, upon exiting the distal end of the catheter in a patient's channel, will resiliency 
10 substantially rerurn to their expanded configuration. In accordance with a first of these 
embodiments, a generally elongate medical device has a generally tubular middle 
portion and a pair of expanded diameter portions, with one expanded diameter portion 
positioned at either end of the middle portion. In another embodiment, the medical 
device is generally bell-shaped, having an elongate body having a tapered fust end and 
15 a larger second end, the second end presenting a fabric disc which will be oriented 
generally perpendicular to an axis of a channel when deployed therein. 

BRIEF DESCRIPTION OF THF. DRAWINGS 
Figures i A and IB each depict a metal fabric suitable for use with the 
invention; 

20 Figures 2A and 2B are a side view and a perspective view, respectively, of a 

molding element and a length of a metal fabric suitable for use in forming a medical 
device in accordance with the invention, the mold being in a disassembled state; 

Figure 3A is a perspective view showing the molding element and metal fabric 
of Figure 2 in a partially assembled state; 
25 Figure 3B is a close-up view of the highlighted area of Figure 3A showing the 

compression of the metal fabric in the molding element; 

Figure 4 is a cross-sectional view showing the molding element and metal 
fabric of Figure 2 in an assembled state; 

Figures 5 A and 5B are a side view and an end view, respectively, of a medical 
30 device in accordance with the invention; 
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Figures oA-oC are a side view, an ciui view and a perspective view, 
respectively, oi a medical device in accordance with another embodiment ot the 
invention; 

Figure 7 is a side, cross sectional view of a molding element suitable for 
5 forming the medical device shown in Figures 6A-6C; 

Figure 8 is a schematic illustration showing the device of Figures 6A-6C 
deployed in a channel of a patient's vascular system to occlude a Patent Ductus 
Arteriosus; 

Figures 9 A and 9B are a side view and an end view, respectively, of a medical 
10 device in accordance with yet another embodiment of the invention; 

Figure 1 OA is a side view of one molding element suitable for forming the 
invention of Figures 9A and 9B; 

Figure 1 0B is a cross- sectional view of another molding element suitable for 

forming the invention of Figures 9 A and 9B; 
15 Figure 10C is a cross-sectional view of still another molding element suitable 

for forming the invention of Figures 9A and 9B; 

Figure 11A is a schematic side view of yet another medical device made in 
accordance with the invention showing the device in a collapsed state for deployment 
in a patient's vascular system; 
20 Figure 1 IB is a schematic side view of the medical device of Figure 1 I A in an 

expanded state for deployment in a patient's vascular system; 

Figure 12A is a schematic side view of an alternative embodiment of the 
invention of Figure 11 A showing the device in a collapsed state within a catheter for 
deployment; 

25 Figure 12B is a schematic side view of the device of Figure 12A showing the 

device deployed distaily of the catheter; 

Figure 13 is a schematic perspective view showing a medical device in 

accordance with yet a further embodiment of the invention collapsed within a catheter 

for deployment in a channel in a patient's body; 
30 Figure 14 is a schematic side view of the device of Figure 13 in a partially 

deployed state; and 
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Figure 15 is a schematic side view oi the device of Figure 13 in a fully 
deployed state. 

PET AILED DESCRIPTION OF THE PREFER RED EMBODIMENTS 
The present Invention provides a reproducible, relatively inexpensive method of 
5 forming devices for use in channels in patients* bodies, such as vascular channels, 
urinary tracts, biliary ducts and the like, as well as devices which may be made via 
that method. In forming a medicaJ device via the method of the invention, a metal 
fabric 10 is provided. The fabric is formed of a plurality of wire strands having a 
predetermined relative orientation between the strands. Figures 1A and IB illustrate 
10 two examples of metal fabrics which are suitable for use in the method of the 
invention. 

In the fabric of Figure 1 A, the metal strands define two sets of essentially 
parallel generally helical strands, with the strands of one set having a "hand", i.e. a 
direction of rotation, opposite that of the other set. This defines a generally tubular 
15 fabric, known in the fabric industry as a tubular braid. Such tubular braids are well 
known in the fabric arts and fir d some applications in the medical device field as 
rubularfabrics, such as in reinforcing the wall of a guiding catheter. As such braids 
are well known, they need not be discussed at length here. 

The pitch of the wire strands (i.e. the angle defined between the turns of the 
20 wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as desired for a particular application. For example, if 
the medical device to be formed is to be used to occlude the channel in which it is 
placed, the pitch and pick of the fabric will tend to be higher than if the device is 
simply intended to filter bodily fluid passing therethrough. / 
25 For example, in using a tubular braid such as that shown in Figure 1A to form 

a device such as that illustrated in Figures 5 A and 5B, a tubular braid of about 4 mm 
in diameter with a pitch of about 50° and a pick of about 74 (per linear inch) would 
seem suitable for a devices used in occluding channels on the order of about 2 mm to 
about 4 mm in inner diameter, as detailed below in connection with the embodiment of 
30 Figures 5A and 5B. 
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are incorporated herein by reference, discuss the use of shape memory NiTi alloys in 
guidewires. Such NiTi alloys are preferred, at least in part, because they are 
commercially available and more is known about handling such alloys than other 
known shape memory alloys. NiTi alloys are also very elastic - they are said to be 
5 "superelastic" or "pseudoelastic". This elasticity will help a device of the invention 
return to a present expanded configuration for deployment. 

The wire strands can comprise a standard monofilament of the selected 
material, i.e. a standard wire stock may be used. If so desired, though, the individual 
wire strands may be formed from "cables" made up of a plurality of individual wires. 
10 For example, cables formed of metal wires where several wires are helically wrapped 
about a central wire are commercially available and NiTi cables having an outer 
diameter of 0.003 inches or less can be purchased. One advantage of certain cables is 
that they tend to be " softer" than monofilament wires having the same diameter and 
formed of the same material. Additionally, if the device being formed from the wire 
15 strands is to be used to. occlude a vessel, the use of a cable can increase the effective 
surface area of the wire strand, which will tend to promote thrombosis. 

In preparation of forming a medical device in keeping with the invention, an 
appropriately sized piece of the metal fabric is cut from the larger piece of fabric 
which is formed, for example, by braiding wire strands to form a long tubular braid. 
20 The dimensions of the piece of fabric to be cut will depend, in large part, upon the 
size and shape of the medical device to be formed therefrom. 

When cutting the fabric to the desired dimensions, care should be taken to 
ensure that the fabric will not unravel. In the case of tubular braids formed of NiTi 
aUoys, for example, the individual wire strands will tend to return to their heat-set 
25 configuration unless constrained. If the braid is heat treated to set the strafids in the 
braided configuration, they will tend to remain in the braided form and only the ends 
will become frayed. However, it may be more economical to simply form the braid 
without heat treating the braid since the fabric will be heat treated again in forming the 
medical device, as noted below. 
30 In such untreated NiTi fabrics, the strands will tend to return to their unbraided 

configuration and the braid can unravel fairly quickly unless the ends of the length of 
braid cut to form the device are constrained relative to one another. One method 
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which lias proven to be useful to prevent the braid from unraveling is to clamp the 
braid at two locations and cut the braid to leave a length of the braid having clamps 
(15 in Figure 2) at either end, thereby effectively defining an empty space within a 
seaJed length of fabric. These clamps 15 will hold the ends of the cut braid together 
5 and prevent the braid from unraveling. 

Alternatively, one can solder, braze, weld or otherwise affix the ends of the 
desired length together (e.g. with a biocompatible cementitious organic material) 
before cutting the braid. Although soldering and brazing of NiTi alloys has proven to 
be fairly difficult, the ends can be welded together, such as by spot welding with a 
10 laser welder. 

The same problems present themselves when a flat sheet of fabric such as the 
woven fabric shown in Figure IB is used. With such a fabric, the fabric can be 
inverted upon itself to form a recess or depression and the fabric can be clamped about 
this recess to form an empty pocket (not shown) before the fabric is cut. If it is 
15 desired to keep the fabric in a generally flat configuration, it may be necessary to weld 
the junctions of the strands together adjacent the periphery of the desired piece of 
fabric before that piece is cut from the larger sheet. So connecting the ends of the 
strands together will prevent fabrics formed of untreated shape memory alloys and the 
like from unraveling during the forming process. 

Once an appropriately sized piece of the metal fabric is obtained, the fabric is 
deformed to generally conform to a surface of a molding element. As will be 
appreciated more fully from the discussion below in connection with Figures 2-16, so 
deforming the fabric will reorient the relative positions of the strands of the metal 
fabric from their initial order to a second, reoriented configuration. The shape, of the 
molding element should be selected to deform the fabric into substantially 'the shape of 
the desired medical device. 

The molding element can be a single piece, or it can be formed of a series of 
mold pieces which together define the surface to which the fabric will generally 
conform. The molding element can be positioned within a space enclosed by the fabric 
or can be external of such a space, or can even be both inside and outside such a 
space. 
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In order to illustrate one example of how such a mold may be configured and 
how it may be used in accordance with the method of ^he invention, reference will be 
had to Figures 2-5. Ln Figures 2-4, the molding element 20 is formed of a number of 
separate pieces which can be attached to one another to complete the molding element 

5 20. In using such a multi-piece molding element, the mold can be assembled about the 
cut length of fabric 10, thereby deforming the fabric to generally conform to the 
desired surface (or surfaces) of the molding element. 

In the molding element illustrated in Figures 2-4, the metal fabric 10 is 
deformed to generally conform to a surface of the molding element 20, the molding 

10 element comprising a center section 30 and a pair of end plates 40. Turning first to 
the center section 30, the center section is desirably formed of opposed halves 32, 32 
which can be moved away from one another in order to introduce the metal fabric 10 
into the mold. Although these two halves 32, 32 are shown in the drawings as being 
completely separated from one another, it is to be understood that these halves could 

15 be interconnected, such as by means of a hinge or the like, if so desired. The opposed 
halves of the molding element 20 shown in the drawings of Figures 2 and 3 each 
include a pair of semi-circular recesses opposed on either side of a ridge defining a 
generally semi-circular opening. When the two halves are assembled in forming the 
device, as besi seen in Figure 3, the semi-circular openings in the opposed halves 32, 

20 32 mate to define a generally circular forming port 36 passing through the center 

section 30. Similarly, the semi-circular recesses in the two halves together form a pair 
of generally circular central recesses 34, with one such recess being disposed on either 
face of the center section. 

The overall shape and dimensions of the center section can be varied as desired; 

25 it is generally the size of the central recesses 34 and the forming port 36 wrfich will 

define the size and shape of the middle of the finished device, as explained below. If 
so desired, each half 32 may be provided with a manually graspable projection 38. In 
the embodiment shown in the drawings, this projection 38 is provided at a location 
disposed away from the abutting faces of the respective halves. Such a manually 

30 graspable projection 38 will simply enable an operator to more easily join the two 
halves to define the recesses 34 and forming port 36. 
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The center section is adapted to cooperatively engage a pair of end plates 40 for 
forming the desired device. In the embodiment shown Ln Figures 2 and 3, the center 
section 30 has a pair of flat outer faces 39 which are each adapted to be engaged by an 
inner face 42 of one of the two end plates 40. Each end plate includes a compression 
disk 44 which extends generally laterally inwardly from the inner face 42 of the end 
plate. Tlus compression disk 44 should be sized to permit it to be recetved within one 
of the central recesses 34 on either face of the center section 30. For reasons 
explained more fully below, each compression disk 44 includes a cavity 46 for 
receiving an end of the length of the metal fabric 10. 

One or more channels 48 for receiving bolts and the like may also be provided 
through each of the end plates and through the center section 30. By passing bolts 
through these channels 48, one can assemble the molding element 20 and retain the 
metal fabric in the desired shape during the heat treatment process, as outlined below. 

In utilizing the molding element 20 shown in Figures 2-4, a length of the metal 
fabric 10 can be positioned between the opposed halves 32 of the center section 30. In 
the drawings of the molding element 20 of Figures 2-4, the metal fabric 10 is a tubular 
braid such as that illustrated in Figure 1A. A sufficient length of the tubular braid 
should be provided to permit the fabric to conform to the molding surface, as 
explained below. Also, as noted above, care should be taken to secure the ends of the 
wire strands defining the tubular braid in order to prevent the metal fabric from 
unraveling. 

A central portion of the length of the metal braid may be positioned within one 
of the two halves of the forming port 36 and the opposed halves 32 of the center 
section may be joined to abut one another to restrain a central ponion of the metal 
braid within the central forming port 36 through the center section. ' 

The tubular braid will tend to have a natural, relaxed diameter which is 
defined, in large part, when the tubular braid is formed. Unless the tubular braid is 
otherwise deformed, when the wire strands are in their relaxed state they will tend to 
define a generally hollow tube having the predetermined diameter. The outer diameter 
of the relaxed braid may be, for example, about 4 mm. The relative size of the 
forming port 36 in the central section 30 of the molding element and the natural, 
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related outer diameter of the tubular braid may be varied as desired to achieve the 
desired shape of the medica] device being formed. 

In ihe embodiment shown in Figures 2 and 3, the inner diameter of the forming 
port 36 is optirnaliy slightly less than the natural, relaxed outer diameter of the tubular 
5 braid 10. Hence, when the two halves 32, 32 are assembled to form the center section 
30, the tubular braid 10 will be slightly compressed within the forming port 36. This 
will help ensure that the tubular braid conforms to the inner surface of the forming 
port 36, which defines a portion of the molding surface of the molding element 20. 

If so desired, a generally cylindrical internal molding section (not shown) may 
10 also be provided. This internal molding section has a slightly smaller diameter than 
the inner diameter of the forming port 36. In use, the internal molding section is 
placed within the length of the metal fabric, such as by manually moving the wire 
strajids of the fabric apart to form an opening through which the internal molding 
section can be passed. This internal molding section should be positioned within the 
15 tubular braid at a location where it will be disposed within the forming port 36 of the 
center section when the molding element is assembled. There should be a sufficient 
space between the outer surface of the interior molding section and the inner surface of 
the forming port 36 to permit the wire strands of the fabric 10 to be received 
therebetween. 

20 By using such an internal molding section, the dimensions of the central portion 

of the finished medical device can be fairly accurately controlled. Such an internal 
molding section may be necessary in circumstances where the natural, relaxed outer 
diameter of the tubular braid 10 is less than the inner diameter of the forming port 36 
to ensure that the braid conforms to the inner surface of that forming port. However, 

25 it is not believed that such an internal molding section would be necessary'' if the 

natural, relaxed outer diameter of the braid were larger than the inner diameter of the 
forming port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevent the braid from unraveling. Each end of the metal fabric 10 is desirably 
30 received within a cavity 46 formed in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be relatively snugly received within one 
of these cavities 46 in order to effectively attach the end of the fabric to the end plate 
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40. The end plates can then be urged IO ward the center sect.on 3l) and toward one 
another until the compression disk 44 of each end plate is received within a central 
recess 34 of the center section 30 The molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding element 
and locking the various components of the molding element together by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Figure 3A, when an end plate is urged toward the center section 
30, this will compress the tubular braid 10 generally along its axis. When the tubular 
braid is in its relaxed configuration, as illustrated in Figure 1A. the wire strands 
forming the tubular braid will have a First, predetermined relative orientation with 
respect to one another. As the tubular braid is compressed along its axis, the fabric 
will tend to flare out away from the axis, as illustrated in Figure 4. When the fabric is 
so deformed, the relative orientation of the wire strands of the metal fabric wiU 
change. When the molding element is finally assembled, the metal fabric will 
generally conform to the molding surface of this element. 

In the molding element 20 shown in Figures 2-4, the molding surface is defined 
by the inner surface of the forming port, the inner surfaces of the central recess 34 and 
the faces of the compression disks 44 which are received within the recesses 34. If an 
interna] molding section is used, the cylindrical outer surface of that section may also 
be considered a pan of the molding surface of the molding element 20. Accordingly, 
when the molding element 20 is completely assembled the metal fabric will tend to 
assume a somewhat » dumbbell "- shaped configuration, with a relatively narrow center 
section disposed between a pair of bulbous, perhaps even disk-shaped end sections, as 
besi seen in Figure 4. 

it should be understood that the specific shape of the particular molding element 
20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance with the present method, but that other molding elements having different 
conngurations could also be used. If a more complex shape is desired, the molding 
element may have more pans, but if a simpler shape is being formed the molding 
element may have even fewer pans. The number of parts in a given molding element 
and the shapes of those parts will be dictated almost entirely by the shape of the 
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desired medical device as the molding element must define a molding surface to which 
the metal fabric will generally conform. 

Accordingly, the specific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suitable molding element for forming one 
particular useful medical device. Additional molding elements having different designs 
for producing different medical devices are explained below in connection with, e.g.. 
Figures 8 and 10. Depending on the desired shape of the medical device being 
formed, the shape and configuration of other specific molding elements can be readily 
designed by those of ordinary skill in the art. 

Once the molding element 20 is assembled with the metal fabric generally 
conforming to a molding surface of that element, the fabric can be subjected to a heat 
treatment while it remains in contact with that molding surface. This heat treatment 
will depend in large part upon the material of which the wire strands of the metal 
fabric arc formed, but the time and temperature of the heat treatment should be 
15 selected to substantially set the fabric in its deformed state, i.e., wherein the wire 

strands are in their reoriented relative configuration and the fabric generally conforms 
to the molding surface. 

The time and temperature of the heat treatment can vary greatly depending 
upon the material used in forming the wire strands. As noted above, one preferred 
20 class of materials for forming the wire stands are shape memory alloys, with nitinol, a 
nickel titanium alloy, being particularly preferred. If nitinol is used in making the 
wire strands of the fabric, the wire strands will tend to be very elastic when the metal 
is in its austenitic phase; this very elastic phase is frequently referred to as a 
"superelastic" or "pseudoelastic" phase. By heating the nitinol above a certain phase 
25 transition temperature, the crystal structure of the nitinol metal when in its 'austenitic 
phase can be set. This will tend to "set" the shape of the fabric and the relative 
configuration of the wire strands in the positions in which they are held during the heat 
treatment. 

Suitable heat treatments of nitinol wire to set a desired shape are well known in 
30 the an. Spirally wound nitinol coiJs, for example, are used in a number of medical 
applications, such as in forming the coils commonly carried around distal lengths of 
guidewires. A wide body of knowledge exists for forming nitinol in such medicaJ 
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devices, -so there is no need to go into great detaiJ here on the parameters of a heat 
treatment for the nitinol fabric preferred for use in the present invention. 

Briefly , though, it has been found that holding a nitinol fabric at about 500°C 
to about 550°C for a period of about 1 to about 30 minutes, depending on the softness 
or harness of the device to be made, will tend to set the fabric in its deformed state, 
i.e. wherein it conforms to the molding surface of the molding element. At lower 
temperatures the heat treatment time will tend to be greater (e.g. about one hour at 
about 350°C) and at higher temperatures the time will tend to be shorter (e.g. about 30 
seconds at about 900 "Q. These parameters can be varied as necessary to 
accommodate variations in the exact composition of the nitinol, prior heat treatment of 
the nitinol, the desired properties of the nitinol in the finished article, and other factors 
which will be well known to those skilled in this Held. 

Instead of relying on convection heating or the like, it is also known in the an 
to apply an electrical current to the nitinol to heat it. In the present invention, this can 
be accomplished by, for example, hooking electrodes to the clamps 15 carried at either 
end of the metal fabric illustrated in Figure 2. The wire can then be heated by 
resistance heating of the wires in order to achieve the desired heat treatment, which 
will tend to eliminate the need to heat the entire molding element to the desired heat 
treating temperanire in order to heat the metal fabric to the desired temperature. 

After the heal treatment, the fabric is removed from contact with the molding 
element and will substantially retain its shape in a deformed state. When the molding 
element 20 illustrated in Figures 2-4 is used, the bolts (not shown) may be removed 
and the various parts of the molding element may be disassembled in essentially the 
reverse of the process of assembling the molding element. If an internal molding 
section is used, this molding section can be removed in much the same fasmon that it 
is placed within the generally tubular metal fabric in assembling the molding element 
20, as detailed above. Figures 5A and 5B illustrate one embodiment of a medical 

device 60 which may be made using the molding element 20 of Figures 2-4. As 
discussed below., the dev.ee of Figure 5 is particularly well suited for use in occluding 
a channel within a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular occlusion device 60 of Figure 5A includes a generally tubular 
middle portion 62 and a pair of expanded diameter portions 64. One expanded 
diameter portion is disposed at eitheT end of the generally tubular middle portion 62. 
In the embodiment shown in Figures 5A and 5B, the expanded diameter portions 64 
5 include a ridge 66 positioned about midway along their lengths. 

The relative sizes of the tubular middle section and the expanded diameter 
portions can be varied as desired. In. this particular embodiment, the medical device is 
intended to be used as a vascular occlusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is deployed within a 

10 patient's blood vessel, as detailed below, it will be positioned within the vessel such 

that its axis generally coincides with the axis of the vessel. The dumbbell-shape of the 
present device is intended to limit the ability of the vascular occlusion device 60 to 
turn at an angle with respect to the axis of the blood vessel to ensure that it remains in 
substantially the same position in which the operator deploys it within the vessel, 

15 Although the illustrated embodiments of this invention only have two expanded 

diameter portions, it should be understood that the device could have more than two 
such expanded diameter portions. For example, if the device has three expanded 
diameter portions, each expanded diameter portion is separated from at least one other 
expanded diameter portion by a tubular portion having a smaller diameter. If so 

20 desired, the diameters of each of the expanded diameter portions can be the same, bur 
they need not be the same. 

In order to relatively strongly engage the lumen of the blood vessel, the 
maximum diameter of the expanded diameter portions 64 (which occurs along the 
middle ridge 66 in this embodiment) should be selected so that it is at least as great as 

25 the diameter of the lumen of the vessel in which it is to be deployed, and is' optimally 
slightly greater than that diameter. When it is deployed within the patient's vessel, the 
vascular occlusion device 60 will engage the lumen at two spaced-apart locations. The 
device 60 is desirably longer along its axis than the dimension of its greatest diameter. 
This will substantially prevent the vascular occlusion device 60 from turning within the 

30 lumen at an angle to its axis, essentially preventing the device from becoming 
dislodged and tumbling along the vessel with blood flowing through the vessel. 
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The relative sizes of the generally tubular middle portion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any particular application. For example, the outer diameter of the middle portion 62 
may range between about one quarter and about one third of the maximum diameter of 
the expanded diameter portions 64 and the length of the middle portion 62 may 
comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions are suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimensions may be varied if the device is to be 
used in other applications, such as where the device is intended to be used simply as a 
vascular filter rather than to substantially occlude the entire vessel or where the device 
is deployed in a different channel in a patient's body. 

The aspect ratio (i.e.. the ratio of the length of the device over its maximum 
diameter or width) of the device 60 illustrated in Figures 5A and 5B is desirably at 
least about 1 .0, with a range of about 1 .0 to about 3.0 being preferred and an aspect 
ratio of about 2.0 being particularly preferred. Having a greater aspect ration will 
tend to prevent the device from rotating generally perpendicularly to its axis, which 
may be referred to as an end over end roll. So long as the outer diameter of the 
expanded dtameter portions 64 of the device is large enough to seat the device fairly 
securely against the lumen of the channel in which the device is deployed, the inability 
of the device to tum end over end will help keep the device deployed precisely where 
it is positioned within the patient's vascular system or in any other channel in the 
patient's body. Alternatively, having expanded diameter portions which have natural, 
relaxed diameters substantially larger than the lumen of the vessels in which the device 
is deployed should also suffice to wedge the device into place in the vessel without 
undue concern being placed on the aspect ratio of the device. ' 

The pick and pitch of the metal fabric 10 used in forming the device 60, as well 
as some other factors such as the number of wires employed in a tubular braid, are 
important in determining a number of the properties of the device. For example, the 
greater the pick and pitch of the fabric, and hence the greater the density of the wire 
strands in the fabric, the stiffer the device will be. Having a greater wire density will 
also provide the device with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is deployed. This 
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throinbogeniciiy can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool fabric to the device, or abated, e.g. by a coating of a 
lubricious, anti-thrombogenic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity are well known in the art and need not be 
5 detailed here. 

When the device is deployed in a patient's vessel, thrombi will tend to collect 
on the surface of the wires. By having a greater wire density, the total surface area of 
the wires will be increased, increasing the thrombolytic activity of the device and 
permitting it to relatively rapidly occlude the vessel in which it is deployed. It is 
10 believed that forming the occlusion device 60 from a 4 mm diameter tubular braid 
having a pick of at least about 40 and a pitch of at least about 30° will provide 
sufficient surface area to substantially completely occlude a blood vessel of 2 mm to 
about 4 mm in inner diameter in a suitable period of time, if it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is deployed, any of a 
15 wide variety of known thrombolytic agents can be applied to the device. 

Figures 6A-6C illustrate an alternative embodiment of a medical device in 
accordance with the present invention. This device 80 has a generally bell-shaped 
body 82 and an outwardly extending forward end 84. One application for which this 
device is particularly well suited is occluding defects known in the art as patent ductus 
20 arteriosus (PDA). PDA is essentially a condition wherein two blood vessels, most 
commonly the aorta and pulmonary artery adjacent the heart, have a shunt between 
their lumens. Blood can flow directly between these two blood vessels through the 
shunt, compromising the normal flow of blood through the patient's vessels. 

As explained more fully below in connection with Figure 8, the bell-shaped 
25 body 82 is adapted to be deployed within the shunt between the vessels, while the 

forward end 84 is adapted to be positioned within one of the two vessels to help seat 
the body in the shunt. The sizes of the body 82 and the end 84 can be varied as 
desired for differently sized shunts. For example, the body may have a diameter along 
its generally cylindrical middle 86 of about 10 mm and a length along its axis of about 
30 25 mm. In such a device, the base 88 of the body may flare generally radially 

outward until it reaches an outer diameter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwardly from the middle 86 of the body. When the device is deployed in a 
vessel, this shoulder will abut the lumen of one of the vessels being treated. The 
forward end 84 i 5 retained within the vessel and urges the base 88 of the body open to 
5 ensure that the shoulder engages the wall of the vessel to prevent the device. 80 from 
becoming dislodged from within the shunt. 

As detailed above, in making a device of the invention it is desirable to attach 
the ends of the wire strands forming the metal fabric 10 to one another to prevent the 
fabric from unraveling. In the illustrations of Figures 6A-6C, a clamp 15 is used to tie 
together the ends of the wire strands adjacent the front end 84 of the device. It is to 
be understood that this clamp 15 is simply a schematic illustration, though, and that the 
ends could be attached in other ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in arty other suitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 
another by an alternative clamping means 90. This clamp 90 serves the same purpose 
as the schematically illustrated clamp 15, namely to interconnect the ends of the wires. 
However the clamp 90 also serves to connect the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in shape and 
has a recess for receiving the ends of the wires to substantially prevent the wires from 
moving relative to one another, and a threaded outer surface. The threaded outer 
surface is adapted to be received within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded inner surface of the delivery device's 
recess. 

The delivery device (not shown) can take any suitable shape, but desirably 
comprises an elongate, flexible metal shaft having such a recess at its distal end. The 
delivery device can be used to urge the PDA occlusion device 80 through the lumen of 
a catheter for deployment in a channel of the patient's body, as outlined below. When 
the device is deployed out the distal end of the catheter, the device will still be retained 
by the delivery device. Once the proper position of the device 80 in the shunt is 
confirmed, the shaft of the delivery device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 
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By keeping the PDA device 80 attached to the delivery -means, the operator 
could still retract the device for repositioning if it is determined that the device is not 
properly positioned in the first attempt. This threaded attachment will aJso allow the 
operator to control the manner in which the device 80 is deployed out of the distal end 
5 of the catheter. As explained below, when the device exits the catheter it will tend to 
resiliency return to a preferred expanded shape which is set when the fabric is heat 
treated. When the device springs back into this shape, it may tend to act against the 
distal end of the catheter, effectively urging itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
being positioned in a shunt between two vessels. Since the threaded clamp 90 can 
enable the operator to maintain a hold on the device during deployment, the spring 
action of the device can be controlled and the operator can control the deployment to 
ensure proper positioning. 

15 A PDA occlusion device 80 of this embodiment of the invention can 

advantageously be made in accordance with the method outlined above, namely 
deforming a metal fabric to generally conform to a molding surface of a molding 
elemem and heat treating the fabric to substantially set the fabric in its deformed state. 
Figure 7 shows a molding element 100 which may be suitable for forming a PDA 

20 occlusion device 80 such as that shown in Figures 6A-6C. 

The molding element 100 generally comprises a body portion 110 and an end 
plate 120. The body portion 110 is adapted to receive and form the body 82 of the 
device 80 while the end plate is adapted to compress against the metal fabric to form 
the forward end 84. The body portion 110 includes an elongate, generally tubular 

25 central segment 112 which is sized to receive the elongate body 82 of the device. The 
central segment 112 of the molding element 100 optimally has an internal diameter 
slightly less than the natural, relaxed outer diameter of the tubular braid of which the 
device is formed. This compression of the braid will help yield devices with 
reproducibly sized bodies 82. The forward end of the body portion 110 includes a 

30 back plate 114 which has a generally annular sidewall 1 16 depending downwardly 
therefrom. The sidewall defines a recess 118 which is generally circular in shape. 
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The end plate 120 of the molding element 100 has a generally disc-shaped face 
122, which desirably has a clamp port 124 approximately centered therein for 
receiving a clamp 15 attached to the metal fabric, as noted above. The end plate also 
has an annular sidewall 126 which extends generally upwardly from the face 122 to 
5 define a generally cylindrical recess 128 in the end plate 120. The sidewall 116 of the 
body portion 110 is sized to be received within the recess 128 of the end plate. 

In usc x the metal fabric is placed in the molding element and the body portion 
1 10 and the end plate 120 are brought toward one another. The inner face of the back 
plate 1 14 will engage the fabric and tend to urge it under compression generally 
10 radially outwardly. The fabric will then be enclosed generally within the recess 118 of 
the body portion and will generally conform to the inner surface of that recess. If one 
prevents the entire clamp 15 from passing through the clamp port 124, the fabric will 
be spaced slightly away from the inner surface of the face 122, yielding a slight dome 
shape in the forward end 84 of the device, as illustrated in Figures 6. Although the 
illustrated embodiment includes such a dome-shaped forward end, it is to be 
understood that the forward end may be substantially flat (except for the clamp 15), 
which can be accomplished by allowing the clamp to be received entirely within the 
clamp port 124 in the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 
conforms to the molding surface of the molding element, the fabric can be subjected to 
a heat treatment such as is outlined above. When the molding element is opened again 
by moving the body portion 1 10 and the end plate 120 away from one another again, 
the fabric will generally retain its deformed, compressed configuration. The device 
can then be collapsed, such as by urging the clamps 15, 90 generally axiatly away 
from one another, which will tend to collapse the device toward its axis. The 
collapsed device 80 can then be passed through a catheter for deployment in a channel 
in a patient's vascular system. 

Figure 8 schematically illustrates how a medical device 80 generally as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, there is a shunt, 
30 referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
keeping the device collapsed within a catheter (not shown), and the forward end 84 of 
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the device can be allowed to elastically expand to substantially recover its thermally 
set, "remembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This forward end 84 should be 
larger than the lumen of the shunt of the PDA. 

5 The device can then be retracted so that the forward end 84 engages the wall of 

the pulmonary artery P. If one continues to retract the catheter, the engagement of the 
device with the wall of the pulmonary artery will tend to naturally pulJ the body 
portion 82 of the device from the catheter, which will permit the body portion to 
return to its expanded configuration. The body portion should be sized so that it will 

10 frictionally engage the lumen of the PDA's shunt. The device 80 wil] then be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the pulmonary artery and the forward 
end 84 of the device. Over a relatively short period of time, thrombi will form in and 
on the device 80 and the thrombi will occlude the PDA. If so desired, the device may 

15 be coated with a suitable thrombolytic agent to speed up the occlusion of the PDA. 

Figures 9 A and 9B are a side view and an end view, respectively, of yet 
another embodiment of the present invention. This device 180 can be u?ed for a 
variety of applications in a patient's blood vessels. For example, if a fabric having a 
relatively high pick (i.e. where the wire density is fairly great) is used in making the 

20 device, the device can be used to occlude blood vessels. In other applications, it may 
serve as a filter within a channel of a patient's body, either in a blood vessel or in 
another channel, such as in a urinary tract or biliary duct. In order to further enhance 
or reduce the device's tendency to occlude the vessel, depending on the application of 
the device a suitable known thrombogenic or antithrombogenic coating may be applied 

25 to the device. / 

This filter 180 has a generally conical configuration, tapering generally radially 
outwardly from its rearward end 182 to its forward end 184. A length of the device 
adjacent its forward end is adapted to engage the walls of a lumen of a channel. The 
maximum diameter of the filter device 180 is therefore at least as large as the inner 

30 diameter of the channel in which it is to be positioned so that at least the forward end 
will engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecured ends 185 of che wire strands adjacent the forward 
end of the device will assist in seating the device in the channel because the ends of 
the wires will tend to dig into the vessel wall slightly as the forward end of the device 
urges itself toward its fully expanded configuration within the vessel. The combination 
5 of the friction between the outwardly urging forward end of the device and the 

tendency of the wire ends to dig into the vessel walls will help ensure that the device 
remains in place where it is deployed rather than floating freely within a vessel to 
reach an undesired location. 

The method in which the device 180 of the invention is deployed may vary 
depending on the nature of the physiological condition to be treated. For example, in 
treating an arterio- venous fistula, the device may be carefully positioned, as described 
above, to occlude the flow of blood at a fairly specific location. In treating other 
conditions (e.g. an arterio-venous malformation), however, if may be desired to simply 
release a number of these devices upstream of the malformation in a vessel having a 
larger lumen and simply allow the devices to drift from the treatment site to lodge in 
smaller vessels downstream. 

The decision as to whether the device 1 80 should be precisely positioned at an 
exact location within the channel in a patient's body or whether it is more desirable to 
allow the device(s) to float to their final lodging site will depend on the size of the 
channels involved and the specific condition to be treated. This decision should be left 
to the individual operator to be made on a case-by-case basis as his or her experience 
dictates; there is no one right or wrong way to deploy the device 180 without regard to 
the conditions at hand. 

In the embodiment shown in Figures 9 A and 9B, the wall of the device extends 
generally linearly from a position adjacent the clamp 90 and the other end of the 
device, approximating a conical shape. Due to the presence of the clamp 90, though, 
the end of the device immediately adjacent the clamp may deviate slightly from the 
cone shape, as indicated in the drawings. Alternatively, the wall may be curved so 
that the diameter of the device changes more rapidly adjacent the rearward end than it 
does adjacent its forward end, having an appearance more like a rotation of a parabola 
aboui its major axis than a true cone. Either of these embodiments should suffice in 
occluding a vessel with the device 180, such as to occlude a vessel. 
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end of ,„e meaI fabric . " 4 3 *»* 15 <• *» c^ed b y a „ 

2 ° -P.y be c, am l 1 h T S g °" a " 0,h5r - ^ moM — « - 

TT , « ... 2 28 OT „ ^ raay j:i::;:;z:: rr if °° 
2, 6 „ „ rged , ow r : r;r' cm ; m and ihe ,w ° ^ 

-Pr ,be a^ , cnglh „ ^ 2 7 ^ 3 ^ ^ 

ano,be r wUI a,a„ y compress , he ^ ^"J^^^ «— — on, 

» -~ s W „ ds „ f lhe braid radially oulward ,n; y ;:;r s,on ^ ,Md - — - 

•he surf.ce of , he ^ 2I2 e ' e,nem 210 ' wh,ch » defmed by 
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or** 'T hbriC " defom,ed 10 generally - surface 

of='.hermold,n f element 200 or 2,0 the fabric., k u 

the star* eCh . rabnc canbe heat treated to substantially set 

he shape „, the f abnc m M defomred state. ,f moldi„ e ckn)em 2M „ ^ 

opentng the web of we strands and pttUing the molding element on, of the ■ , 
^-fabric, ff m 0Ming element 2,0 is employed, the two ^ 

10 sh an ^ 6 °" Sh3Pe ° f ^ m °' di ^ «*"• -i.it* fonrred 

hape may resemble either a paly tf abu„ fag hoUotv cones or. as noted aboy a 

football. welds or the ^provided a. etther end of the shape ' 

Senensn?^- T ^ ~ ^ " h ' *— 

hapT '° "* ^ °* ° f "~ ,OT ' he ™- - ° f - "void 

ape a, a locatton abon, midway along its lengtb . ^ „ m p „ duce 

flter dev.ces ,80 subtly as Mlusfrated in Figures 9A Md 9B . If , he ™ 
stands are to be joined adjacent the tad end of the device (such as by the 
weldments shown as ,86 in Fieures 9 A and om ,t,- u ., 

ovoid Stan, „ ■ } ' M 66 d ° nC beferB > he c °"icaJ or 

ovotd shape ,s severed tnto two haives. Mnch the same « shape cou,d be 

20 lT P ' iSted ^ CU,,i " S meUl ftbn ' C "" 0 MveS ^ " " «* — 

In an alternative embodiment of this method, the molding element 200 is 
fonned of a material selected to per™ to molding ^ |o be ^ 

r f Zel r °:t in r' i0r0fthemCtalfabriC - ^ 

hea Ztd ' 01 Wabte matCriaJ ' ~* - — °" - — *■ - oeen 

etm r rr ci h ,h * mo,ding surface ° f *— . - «■*. 

■ e mlTh " OTaUer PieC " "** ~ * ~ wi.hr! 

30 le jr ' f IhjS ma ' er,a ' " ™ Pfc ' «• — - *• 

«-! 'abrrc can be stmc, a g ai„ SI a hard snrface. causin, the £ ,ass to shatter The 

e-s shards can then be removed from the enclosure of the meta, fabric. The result 
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«> *— a „ d r m r ° ,he moidi " 6 e,cmew ' — - 

used in rr;rr - * k — — - >™ ~ d - 

» «» - of , h5 t err™ wuhom ^ i,s - - 

shape of the meul f abric wh „ „ he " "* hK " '"*•«< <° *. the 

•** -he .neu, faoHc ' ^ " 8 - ""*•« *— • *» 



nc JU from molding element 200 k. 
other shapes, as well Althonah ,h Med ,a conne ^°n 

— -0 of fc moldlng eWm 20 ;~ - ~ (such as „ e 

-ne ponion t „e reof is enclosed E <>• " *■ ™*Ng e.e m e„, „ r 

-ion of ,ne n,o Hi „ 8 elem en, 0, ^ITJ^ " ""<™ 
-eve lhe mo)ding ckmem ■ * ~ ~ - he US eo ,„ effecIiveiy 

>0 formed. y affectln S med.cal device being 

Figure 10C iJlustra.es yet another molding element 230 wh - u 
inning a medical device surh a ,k •„ bCh C3n 1)6 used » 

M,ch as that dlustrated in Figures 9A and 9B . ^ moJ ^ g 
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element comprises an outer molding section 21? H.r ■ 

- - ^ ™, dine ^ 236 : l r:;r r r inner surfa ~ 234 
* - . Piece of lta melal fabric (noi shown) ^ 

:: ™ confom '' can bc ,o — - ™ £l 
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This molding element 230 can be used with a metal fabric which is m the , 

- .he 14. . pr0 v,ded , 0 connec , , he ends of ^ w . re sirMds •> 

a recess („„, shown) mala ^ , 0 , he 
disk 44 nf m„M- , ° f the ccm Pression 

44 or moldlns elemem 20 ^ 2 4) cm be m ^ ^ 

Howler, .he present moJding elemeM 23Q ^ ^ ^ 
woven p _ of raeul ftbric , suc „ as u ^ ^ p . ^ ]b ^ 

230 ,o produce a devtce ,80 analogous ,o .ha, shown in Figures 9A and 9B for 
. ge rally disfc . shaped ^ rf fc ^ ^ ^ ^ ^ ^ • 

11 T be,ween thc ^ sections 232 ' 236 ° f ,h < «" - 

Z 'T ,OSeUKr 10 def0n " ,h,: *"* UKreb — ^ »ea, _, 

« tr: r removed d wi " rmta subsBraia " y ,he ^ -* * " - — » 

was deformed between .he .wo molding sections. 

230 in Pi To"" ^ ° f Va ™ US *— ■ *»• 2>0 and 

230 ut F, g „res .0A-1OC, it shouid he olear ,ha, a nutnber of differ. mo ,d,ng 
.emen, v Weve ^ ^ ^ ^ ^ 

n:r r ,he fabric ,o cause - ~ — » - 

2 0 of FlgU re ,0B substantially ene,ose S rhe fabric within a recess in the tno.d and 
ei.es « co mp ressio„ of ,be fabric (in this case ax,a, cotnpression of a tubuiar braid, 
detonn the fabrtc to the desired configuration. FinaUy. ,hc fabric m ay be 
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* *• —en, „ f *" B V - 0 *' ~ 

—I «d are convene, „ , bc „ ^ e * * *~ — sucb , 

°< *e coi, 264 , and is des]rab **« 270 - P—- ^ dtaa, 

-oiop aque malerial> suc „ as ™ ^ ■« -» be naade „ f a 

* - »y .* 8 , brazi „ g or so ,rrrtr raa * made ty a - y •*•>*, — ■ - 

«« *-i»d .0 inexease ,he vi si bUi ly of the band ' n " " " 

-o P a, U e or lbe UVe , L ° bSerVa "°"' ^ 
proximal band 274 mav be fn h , ^ the ^enunous materia. The 

11 so desired, the proxij^aJ baud 
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-ay be formed of a more radiopaque 
. -diop^e coaling appUed to . s surface ^ •** b-d can have a 

The body of the device is formed of a metal fabric as exnh." „ k 
metal fabric of this embodim^n. ■ gained above. The 

* ends of the wjrZi h T ,S 7 timaIly f0nned 3S 2 b - ld - ^e 

?72 274 b f ^ ^ att3Ched t08e,her ^ — of the bands 

-72, 274 before the fabric ,s cut to length. Much Uice the clamps 15 on 

these bands 272 274 will h . P ' 90 " nted above > 

Suidewire 260 T 1 * ,te ° f «" 

8 u,dew,re 260. The d«I 272 and proxnna, 274 bands a re spaced awav tan, one 
-He, a,„„ g the le „ ph of , he gu|dcwire wjth &bric 

J 7 ° Ut " ° f *■ ■» ■•> P-H <ne device ,o be dep.oved 

•hrongh a re,a ti ve, y sm a U lumen of , ^ „ ^ ^ ^ * °^ 

on ,„ eZTdeT T " ^ " 2 Patie °'' S " ^ "» "* - 

As bes , see „ ,„ Rgure J u shape ^ ^ 

^ de S ,re4 fd.enng such „ , ^ wterein 

c a„ ges raore ^ , he sinoothi romded ^ P be d v e 

25 ,„a, a ^ ^ disc shapc WMM a , so ^ 

112 8 spaccd 0 " ,, a shon d,Mncc from ,hc ~ b ™« ™- « 

In moving from its coUapsed state (Fieure liAimiic. 
30 i in% ,u i^igure j iAj to its expanded state (Piimre 

receded w„bi„ th e ta e rioI of . dis[aI portion 284 Qf ^ P 
^, pnadnce, a ,»o-,a y e r =, s!nlcture having . pTmM 2U J ^ 
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of ,h r ul fabr,c ca - * — - s — - — 
*- - for :z ;r,: a vascuiar ^ ,o - — — - 

me pores (i.e. the openings bMwwn 
strands) of the fabric a™, h ■ u. Detween the crossing metal 

m , '^fabric are de S1 rabIy on the order of about 10 mm Thic ■ 

] 0 deemed to he th<> m - ^ s « generally 

l ° 56 the mmunu m size of any particles which arr l.^iv ♦ 

- - ~- : =r:i i ; r : : n it;- - - 

e mfc o„ ', fabriC haVi " E 10 """ POn!S " ^ » f °™ *• <— I "0 of , Us 

oTetnr toven,io - ,he ^ p — *- — - — 

The dev lce 250 may also be provided with tethers 290 f„ .. 

ponion of r W,rK - Wi,h W, ' re abo U1 a 

Poruon of the proximal lip of the basket Th« B , 

the wires of the metal fah 7 with 

the metal fabnc to keep the tethers in place during use Wh™ a u 

o ;::r;r °; drawn *- — ,he — ■ - - — Ti ;: 

~ 1 ;; e biskw ^ tend ,o ~ - - l o f 

,K Das *et radially inwardly towarri rh P -~ . 

y toward the gu,dew,re. Tins will tend to close the basket 
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and entrap any material caught in the cavity 288 of the basket H„rin 

lne oaskef during use so that the 

basket can be retracted, as detailed below. 

The tether wires 290 may extend along much of the length of the guidewire so 
that they will extend outside the patient's body during use of the device 250 When it 
5 » desired to collapse the basket for retrieval, the operator can simply hold the 
gu.dewire 260 steady and retract the tethers with respect to the guidewire. This 
tend to be relatively cumbersome, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is deployed at a selects site 
reached by a tortuous path, such as in the brain. 

Accordingly, in the preferred embodiment shown in Figures 1IA and 11B the 
tethers 290 are attached to the guidewire 260 at a position spaced proximally of the 
basket. The tethers may, for example, be attached to a metal strap 292 or the like and 
this strap 292 may be affixed to the shaft of the guidewire. When it is desired to close 
the proximal end of the basket for retraction, an external catheter (not shown) can be 
urged distally toward the basket 270. When the catheter encounters the radially 
extending tethers, the distal end of the catheter will tend to draw the tethers toward the 
guidewire as the catheter is advanced, which will, in turn, tend to draw the proximal 
end of the basket closed. 

Figures 12A and 12B illustrate an alternative embodiment of the device shown 
in Figures 1.1 A and 1 IB, with Figure 12A showing the device C0 lJ apS ed in a catheter C 
for deployment and Figure I2B showing the device in its deployed configuration. In 
the embodiment shown in Figures 32A and 12B. the basket 270 is formed substantially 
the same as outlined above in connection with Figures 11 A and 1 IB. In the 
embodiment of Figures 12, though, the distal band 272 is affixed to the gmdewire 260" 
at the distal tip of the guidewire. The guidewire 260' is of the type referred to in the 
art.as a "movable core" guidewire. In such guidewires, a core wire 265 is received 
within the lumen of a helically wound wire coil 266 and the core wire 265 extends 
distally beyond the distal end of the coil 266. A thin, elongate safety wire 268 may 
extend along the entir^^.of the coil 266 and the distal end of the safety wire may 
be attached to the dtstaJ end of the coil to prevent loss of a segment of the coil if the " 
coil should break. 
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In the embodiment of Figures 1 1 rh. 

•«-•. -He ,e Ih e rs are lrtached to ,„ £ J^"*" '° "™ >« 

*« *„ g , he length of , hc cofl ^ « «. 266 a , v , maJly „ 

tethers may ta atUchcd „ ^ J * e^ ple , lhe 

- :r ::r;r - — to - - - ■ ~ 

An external catheter such as that referred to in th, * 
but not shown m those drawinP. • n *scu»,on of Fi gures , I a, 

mose drawings, is illustrated in Fieures |?a ,„h n« 
basket 270 is denlnv-H ■ • nd 12B - 0n « the 

" Action, the exten.ai j£ c T ^""^ * 

— u ^ w:r.:,:r s rr d r~ ,he ^ 2? °- * 

catheter, which is substantia, disUJ end of *e 

win tend to dra r the r i narrower than the proxjmai up 286 ° f *» ^ s 

draw the tethers down toward the guidewire and heln m u 
explained above. P Cl ° Se the bask «, as 

20 

guidewire 310. In most respects the baslce, 7->n ■ ^- . 

25 distal band may be attached to rh. * * Md / 12B ' the 

,h„ u guidewn-e adjacent its distal end If ™ a • ■ 

though, a structure such as is shown in Figures „ wh . • h ^ 

bevond the basket, could instead be ul ^ 

^rrj: ,ts coljapsed sute (shown in Figure ^ - —« — . 

0 segment b! & ' SegmCm 326 ' With the dis ^ of the distaJ 

segment being attached to the distal band 324 and the proxima, ,nd of the 
segment being attache »«»»,.., e P rox ""aJ 

. uig attached to the proximal band 322. When the basket 32fi " ■ 
expanded configuration (shown in Figure 12B) the „ ■ " " 

^tgure 12B), the proximal segment 326 is received 
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within the distal segment 325, defining a proximal lip 328 at the pmximaJ edge of the 
device. The wall of the basket thus formed also includes a cavity 329 for trapping 
solids entrained in a fluid, such as embob in a patient's blood stream. 

The basket 320 of Figures 13-15 is also shaped a little bit differently than the 
5 basket 270 of the previous drawings. The primary difference between these two 

baskets is that the basket 320 is a little bit shorter along its axis that is the basket 270. 
This different basket shape is simply intended to illustrate that the basket of a vascular 
trap in accordance with the invention can have any of a wide variety of shapes and no 
particular significance should be attached to the slightly different shapes shown in the 
10 various drawings. 

In the vascular traps 250 and 250' of Figures 11 and 12, respectively, tethers 
were used to draw down the proximal end of the basket 270 to close the basket for 
retraction. In the embodiment shown in Figures 13-15, though, the trap 300 includes a 
basket cover 340 positioned proximally of the basket 320. The basket cover may also 

15 be formed of a metallic tubular braid and is also adapted to be collapsed to lay 

generally along the outer surface of the guidewire 310. The cover 340 is not directly 
affixed to the guidewire at any point, though, but is instead intended to be slidable 
along the guidewire. As best seen in Figures 13 and 14 wherein the cover is in its 
collapsed state, the cover 340 includes a distal hypotube 342 and a proximal control 

20 hypotube 344, with the distal hypotube being attached to the distal end of the cover 
340 and the proximal control hypotube 344 being attached to the proximal end of the 
cover. 

The cover 340 is shown in its deployed, expanded configuration in Figure 15. 
As shown in that figure, the cover has a similar structure to that of the basket 320, but 

25 is oriented to be open distally rather that proximally, as is the basket. As 'best seen in 
Figures 13 and 14 wherein the cover is in its collapsed state, the cover has a distal 
segment 352 and a proximal segment 354. When the cover is deployed by urging it 
distally out of the distal end of the deployment catheter C, the cover 340 will tend to 
resiliently return ro its expanded configuration and the distal hypotube 342 will slide 

30 axially proximally along the guidewire toward the proximal control hypotube 344. 

This will invert the collapsed cover so that the distal section 352 is generally received 
within the proximal section 354, defining a distal lip 358 of the cover. 
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The proximaJ control hvDomhP iaa 

«•» M of the catheter 310 n h ,r, ^ 3 Subs,am ■ a, «* 

r:T 3,o, , ::~rr,rrj:::;r^ - - 

the basket 320 whir* it ,fr.» j " h ""poet 10 

' mch ,s afr,xed "> ">e euidewires. as exDlain=,i ;„ 
w connection with the use of thj» A • ,™ "P"""^ in more detail below 

■» been used ,o fu, 0 1 ' ^ ^ - 

tnovin. the 1 " ^ draW " *' 0XmM > *~- «» cove, oy 

i he inner diameter of the distal lin "iss «f ,k 

— - :::::: izz mi: r: pan r - 

~ « «« he wUhd™ [rom patiM| , 

•he gU idnw ire is between about 0 .0,4- L aboul 0 03 - „ " erab0di^,<! " , ■ 
■He tneul faWc nseo to fon n the ba^e. jTZ ^tTT ^ ^ " 
between about 0.002- and about 0 006" -n, I J " ^'"^ 

or 320 ,,,, , . _ 006 ' We ""d"** » f ">«•! bands (272 274 

32-, 324, also ,s desirably in the range of a bou, 0.002"-0 006" 

v-sse,s I? T CU,ar ' y emb0diraer " ta — » «» — <- — 

0^002 „ d, am e,e, The mMl ba „ ds m ^ ^ 

about 0.002" so that th*,, i, • y a e a ™ckness of 

When th h "°' SUbSta " da " y ' he coU ^ ""to 

When the dev,ce ts colla P sed for de P , nym e„, throug „ . catheler , „ „ ffl ^ ^ ^ 
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diameter of about 0.018". permitting the device to be used with catheters and other 
instruments adapted for use with a 0.018" guidewire. 

Figure 16 illustrates one embodiment of a molding element 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
5 are shaped somewhat differently, an analogous molding element can be used for these 
portions of the trap 300 as welJ by simply modifymg some of the d.mensions of the 
molding element 370, but retaining the basic shape and structure of the molding 
element. It also should be understood that the molding element 370 is merely one 
possible molding element for forming a shape such as that of the basket 270 and that 
any one of a variety of different molding elements will be apparent to those skilled in 
the art. as noted above in connection with Figures 10A-C. 

The molding element 370 has an outer molding section 372 defining a curved 
inner surface 374 and an inner molding section 376 having an outer surface 378 
substantially the same shape as the curved inner surface 374 of the outer molding 
section. The inner molding section 376 should be sized to be received within the outer 
molding section, with a piece of the metal fabric (not shown) being disposed between 
the inner and outer molding sections. In a preferred embodiment, the inner surface 
374 of the outer molding element and the outer surface 378 of the inner molding 
section each include a recess (375 and 379. respectively) for receiving an end of the 
braid. The molding surface of this molding element 370, to which the fabric will 
generally conform, can be considered to include both the inner surface 374 of the outer 
molding section and the outer surface 378 of the inner molding section. 

In use, the two melding sections 372, 376 are spaced apart from one another 
and a length of a tubular braid of metal fabric (not shown in Figure 16) is disposed 
between these molding sections. Optimally, one end of the fabric is placed in the 
recess 375 of the outer molding section and the other end of the fabric is placed in the 
recess 379 in the inner molding section. The inner and outer molding sections can 
then be urged generally toward one another. As the ends of the wire approach one 
another, the tubular braid will tend to invert upon itself and a surface of the tubular 
braid will generally conform to either the inner surface 374 of the outer molding 
section or the outer surface 378 of the inner molding section, arriving at a shape 
analogous to that of the basket 270 of the traps 250, 250'. The two molding sections 
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^ medical device suitable foe lreatfa£ " ! *"' h *« m«hod, , 
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Medical devices made in accordance with the method of the i 
above have a preset exn an ^H r invention outlined 
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aiong the axis of the device. I„ lhis regard> these rfev 

"Chinese handcuffs" which tend ,„ • W n0t UfUike 

Once the merf , C ° nStnCt " ^ «-*»• 

Once the mescal device is collapsed and inserted into rh u 

— a,. lhe Iume „ of lhe caltaer , oward ihe ,.SSJ1ZTZ: T b ° 

be accompbshed by usins . 6uidewire ^ - ».«e, Ttus may 

a!-, the catheter. When llB dcvice ^ *™ „ 

"Phoned adjacent tbe destre. treatment „ , end ,„ , ^ ^ «** 

-nc. « partlcularly useftll „ lhk applica(ion ^ of y - 

»™ .o a m , cooflgumjo „ afier ^ ^ y 2 m 

H'nce s, mp y urgin6 the medicaJ „ evice om rf - 

properly deploy ,he device at the treatment site. 

Aithough lhe device wffl , end , o re5 . UeM]y reniro k . s 

shot d be underslood tha , j( may no , ^ retum 
I" ' ° f "* ^ m ""^ * " » «» «~ .f such a device is de.hoye. ,„ a 

20 r e a sman iumcn ' ,he ,umc " — • * **• *» «ju 

deployed because „ w ould cngage the ^ ^ / 

therem, as detaiJed above. 

« -he device is to be us* to permanently occlude a channel in the patient 

« r ;,::r dev,cM 60 - so *— — - * - - *i — 

d« I rem ° Ve " * Pa ' ieW ' 5 b ° dy - ™ S ^ — «- -ice 
tn the stent's va5cular sys , enl ,„ ,„„ „ may 

n: ;, the Fa,ient ' s bodj ' in some ■ - -ic i: y ta 

,7 '° 3 ^ » -* ^ « » secure tbe device to .be end J*. 

to a d,s U , end o f tbe deiive^ means, as e^aine, above. Be fore cemovi,,, 
H " netec ,„ such . sysKm , „ m3y b£ ^ ^ ^ « 

- debvery mean., before cetnovin, tbe ctbetec and the delivery meatts 
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Since the trap is positioned downstream of the stenosis, any debris released 
during the procedure will tend to drift distally toward the basket and be caught therein. 
In order to prevent any emboli from simply floating past the trap, it is preferred that 
the proximal lip (288 or 328) of the basket be at least as large as the lumen of the 
5 vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 

where the basket has fully returned to its expanded configuration) is somewhat greater 
than the vessel's inner diameter so that the basket will firmly engage the wall of the 
vessel. 

The method of retracting the basket will depend on which embodiment of the 

10 vascular trap is used, namely whether or not the device includes a cover 340. The 
device 250 or 250* of Figures 11 or 12, respectively, do not include such a cover. 
However, they do include tethers 290 which extend proximally from the proximal lip 
288 of the basket to an attachment to the guidewire. In either of these embodiments, a 
retrieval catheter can be introduced over the guidewire and urged distally toward the 

15 basket. As explained above in connection with Figures 11 and 12, this will tend to 
draw the tethers down toward the guidewire, effectively closing the proximal end of 
the basket 270. Once the basket is sufficiently closed, such as when the proximal lip 
of the basket engages the distal tip of the retrieval catheter, the catheter and the 
vascular trap can be retracted together from the patient's body. By substantially 

20 closing the proximal end of the basket in such a fashion, any emboli which are 

captured in the basket when it is deployed can be retained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with the 
balloon catheter being used to draw down the tethers 290 and collapse the basket. The 

25 vascular trap can then be withdrawn with the balloon catheter rather than having \o 
separately introduce a removal catheter to remove the trap. 

In withdrawing the embodiment illustrated in Figures 13-15, the cover 340 is 
positioned over the proximal lip of the basket before the vascular trap 300 is retracted. 
Once the medical procedure is completed and any debris has been captured ^nf tlie : J 

30 basket, the cover 340 is allowed to resiliently substantially return to its expanded 
configuration. Once it is deployed proximally of the basket, the basket 320 can be 
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drawn proximally toward the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuality, the cover 340 may be unable to return to its full expanded 
configuration due to the confines of the vessel in which it is deployed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basket can 
be received within the cover. However, the basket is optimally sized to engage the 
walls of the vessel to prevent the unwanted passage of emboli or other debris around 
the edges of the basket. Accordingly, the distal lip 358 of the cover will engage the 
wall of the channel before it expands to its full size. The walls of most bodily 
channels, such as blood vessels, tend to be somewhat elastic, though. The cover 340 
will therefore tend to urge harder against the wall of the vessel than the smaller basket 
and may stretch the vessel a little bit more than wiD the basket. In this fashion, the 
cover may still be able to expand to a dimension large enough to permit the basket to 
be received in the cavity 356 of the cover. If not, the distal lip 358 of the cover can 
simply be brought into close engagement with the proximal lip 328 of the basket to 
generally seal the basket. 

Once the cover 340 is brought into engagement with the basket 320, whether by 
receiving the basket within the cover or, less preferably, by engaging the lips 358, 328 
of the cover and the basket, the device can be withdrawn proximally from the patient's 
vascular system. The cover will tend to prevent any emboli caught in the basket 
during deployment from being inadvertently lost during withdrawal. 

The vascular traps 250, 250' and 300 of the present invention therefore have 
distinct advantages over other vascular traps or filters currently known in the art. As 
explained above, most prior art traps are difficult and expensive to form and cannot t?e 
readily collapsed for retrieval. The present invention, though, provides a method for 
making the vascular traps 250, 250' and 300 which is both relatively inexpensive and 
less labor intensive, generally resulting in a more consistent product than prior art 
hand-forming methods. Furthermore, the structure of the device and the methods 
outlined above for removing the device will fairly reliably prevent the inadvertent 
dumping of trapped emboli back into the bloodstream while the device is being 
removed. Since most prior ait traps and filters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream, the present invention 
can be substantially safer than these prior art systems. 

While a preferred embodiment of the present invention has been described, it 
should be understood that various changes, adaptations and modifications may be made 
therein without departing from the spirit of the invention and the scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 

1 A trap for trapping particulate material entrained in a fluid within a channel 
of a patient's body, comprising a guidewire having a distal end and a basket earned by 
the guidewire adjacent said distal end; the basket being adapted to strain the particulate 
material from fluid passing therethrough and comprising a metal fabric having first and 
second ends, at least one end of the fabric being adapted to slide along the guidewire; 
the metal fabric having a collapsed configuration wherein the first and second ends are 
spaced from one another a first distance along the guidewire and the metal fabric has a 
first diameter, and an expanded configuration wherein the first and second ends are 
spaced a second, shorter distance along the guidewire and the metal fabric has a 
second diameter, the first diameter being less than the second diameter. 

2. A trap for trapping particulate material entrained in a fluid within a channel 
of a patient's body, comprising a guidewire having a distal segment and a metal fabric, 
the metal fabric having a first end carried by the distal segment and a second end 
15 slidable along the guidewire, the metal fabric being disposed adjacent the outer surface 
of the guidewire when the second end is spaced proximally of the first end and 
extending generally outwardly of the guidewire when the second end is slid nearer the 
first end to define a particle-trapping screen. 

3. The trap of claim 2 wherein the first end is affixed to the guidewire. 
20 4. The trap of claim 2 wherein the metal fabric is resilient and the second end 

will resiliently slide toward the first end to define the particle trapping screen when the 

fabric is not constrained. 

5. The trap of claim 2 wherein a first length of the metal fabric extending 
proximally from the first end defines a distal surface of the screen and a second length 

25 of the metal fabric extending distally from the second end of the fabric defines a 
proximal surface of the screen. 

6. The trap of claim 5 wherein the screen is generally dome-shaped and the . 
second length of the fabric is received within the first length of the fabric. 

7. The trap of claim 5 wherein a central portion of the metal fabric defines a 

30 proximally-facing Hp of the screen. 

8. The trap of claim 2 further comprising a tether extending from said screen 
to the guidewire, the tether being attached at one end to the guidewire. 
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9. The trap of claim 8 wherein the screen has a periphery, the tether 
comprising a wire attached at each end to the guidewire and extending about the 
periphery of the screen such that when the tether is drawn inwardly toward the 
guidewire it will act as a drawstring to collapse the periphery of the screen toward the 

5 guidewire. 

10. The trap of claim 2 further comprising a cover formed of a metal fabric, 
the cover being slidable along the guidewire from a first position spaced proximally of 
the screen toward a second position adjacent the screen. 

11. The trap of claim 10 wherein the cover has two ends, the cover being 
10 disposed adjacent the outer surface of the guidewire when one end is spaced 

proximally of the other end and extending generally outwardly of the guidewire to a 
diameter at least as great as an outer diameter of the screen when one end of the cover 
is slid nearer the other end. 

12. The trap of claim 10 wherein the screen is generally dome-shaped and 
15 includes a proxi mally- facing lip, the cover in an expanded configuration defining a 

recess sized to receive the lip of the screen. 

13. The trap of claim 12 wherein the screen has an outer diameter and the 
cover has an inner diameter greater than the outer diameter of the screen. 

14. A method of trapping particulate material entrained in a fluid within a 
20 channel of a patient's body, comprising: 

a) providing a metal fabric having a collapsed configuration wherein it has a 
first diameter and an expanded configuration wherein it has a second, greater diameter 
and defines a proximally-facing particle-receiving cavity; 

b) collapsing the metal fabric into its collapsed configuration and urging the 
25 metal fabric along said channel to a deployment site; 

c) permitting the metal fabric to resiliently substantially return to its expanded 
configuration; 

d) allowing the fluid to flow through the metal fabric to trap a portion of the 
particulate material in the cavity; 

30 e) at least partially closing the metal fabric to retain the trapped particulate 

material is retained within a closed cavity; and 
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f) retracting the metal fabric along the channel with the particulate material 
retained within the collapsed cavity. 

15. The method of claim 14 wherein the metal fabric in its collapsed 
configuration is urged along a catheter positioned within a lumen of the channel. 

16. The method of claim 15 wherein the fabric is allowed to substantially 
return to its expanded configuration by urging the fabric beyond the distal end of the 
catheter. 

17. The method of claim 14 wherein the metal fabric is closed by urging a 
cover into engagement with a distal portion of the metal fabric to retain the particulate 
material within the cavity. 

18. The method of claim 17 wherein the cover has an expanded configuration, 
further comprising the steps of collapsing the cover, urging the cover along the channel 
to a position spaced proximally of the metal fabric, and allowing the cover to 
resiliency substantially return to its expanded configuration prior to urging the cover 
into engagement with the metal fabric. 

19. The method of claim 14 wherein the metal fabric is carried by a guidewire 
and at least one tether extends from a proximally-facing lip of the fabric proximally to 
the guidewire, wherein the metal fabric is closed by urging the tether down toward the 
guidewire to draw the lip of the metal fabric toward the guidewire. 

20. The method of claim 19 wherein the tether is urged toward the guidewire 
by urging a sheath distally along the guidewire toward the metal fabric, the sheath 
having an lumen smaller than the lip of the metal fabric. 
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